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1 (b)

We have,

—-n/4<x<m/4

> -1<tanx<1=>0<tan’x < 1= [tan’x] =0
~ f(x) =[tan?x] = 0 forall x € (—m/4,m/4)

Thus, f(x) is a constant function on € (—m/4,1/4)

So, itis continuous on € (—m/4,7/4) and f'(x) = 0 forall x € (—m/4,m/4)

2 (d)
Since, f(x) is continuous atx = 0
lim f(x) = f(0)

X X

x-0

> lim 2 loeZ f(0) [by L ‘Hospital’s rule]

x—0 1 -
= f(0) =—1+log2
3 (b)
Since f(x) is an even function
s~ f(=x) = f(x) forall x
= —f'(—x) = f'(x) forall x
= f'(—x) = —f'(x) forall x
= f’(x) is an odd function
4 ()
We have,
[cosmx],x <1
f(x)z{lx—2|,13x<2
2—x, 1<x<?2
-1, 1/2<x<1
0, 0<x<1/2
= [ = 1, x=0 /
—1/2<x<0
—3/2<x<—1/2
It is evident from the definition that f(x) is discontinuous at x = 1/2
5 (b)




We have,

1 = 2—h)=1li =2 —h+2]

Am f(x) = lim £(2 =) nootan-(—2 — h + 2)
—h

> hm f@x) = }111_)0 tan‘l( h) ;11—% tan1h -1

and,

|—2 + h + 2|
hm J) = llmf( 2+ h) _illl—%tan‘l(—2+h+2)

> hm S = }ll—>0 tan-'h

lm% fx)# 11n21+ f(x)

X—— ->—

So, f(x) is neither continuous nor differentiable at x = —2
6

J(x) = [log[x|

-1,0) 9f (1,0

1

y
From the graph of f(x) = | log|x|]| it is clear that f (x) is everywhere continuous but not
differentiable at x = +1, due to sharp edge
7 (b)
We have,
xf(@-af(x)  xf(a)=af(a)=a(f) - f(a))
lim ————— = lim

x—a X—a x—a X —a

- xf(@-af(® . fl@x-a) - fO) - f(@)
= lim = lim —alim—————
x-a xX—a x-sa  x—a x>a X —a

= limxf(a)—af(x) =f(a)—af'(a) =4-2a

x-a xX—a

8 (<)

Given,f(x) = x(\/z + \/x—-l-l) At x = 0 LHL of vx is not defined, therefore it is not continuous at
x=0

Hence, it is not differentiable at x = 0

9 (@)

, 2ax, b#0,x <1
Here, f (x)={ 2bx+a, x>1

Since, f(X) is continuous atx = 1
lim () = lim f(x)

= a+b=b+a+c =>c=0

Also, f(x) is differentiable at x = 1

~(LHDatx = 1)=(RHD atx = 1)

= 2a=2b(1)+a = a=2b




10 (d)
We have,

x-1" x-1"( 4 4

Jim, G =l x = 31 =2

and, f(1) =1|1-3|=2

s~ lim f(x) = f(1) = lim f(x)
x—1~ x-1t

So, f(x) is continuous atx = 1

We have,

Ji 79 = iy =31 = 0.l £3) = iy = 3] =0

and, f(3) =0

~lim f(x) = lim f(x) = f(3)
x—-3~ x-3*

So, f(x) is continuous at x = 3

Now,
(LHDatx =1)

_{d(xz 3x+13>} _{x 3} T 1 g~y i
dx\ 4 2 4 w1 2em Z) gt Ll
(RHD atx = 1) = {% (—(x - 3))}9{=1 LY
~(LHDatx =1) = (RHDatx =1)
So, f(x) is differentiable at x = 1
11 (d)

2 sinx — sin 2x

f(x) ={ 2X COS X ,ifx # 0,
a, ifx=20

_ o (x? 3x
lim f(x) = lim {———+

. . 2 sinx—sin 2x 0
Now, lim f(x) = lim —————— (— form)
x—0 x—0 2xCcosx 0

2cosx —2cos2x

= lim
x—0 2 (cosx — xsinx)

Since, f(x) is continuous atx = 0
f(0) = lim f(x)
x—0
a=0
12 (a)
Given, f(x) = x + |x|
2x, x=0

f(x):{o, x <0




It is clear from the graph of f(x) is continuous for every value of x
Alternate
Since, x and |x| is continuous for every value of x, so their sum is also continous for every value of x
13 (a)
Since f(x) is continuous atx = 0
= lim f(x) = £(0) = lim_f(x)

x>0~ x-0%*

a tan2x

= lim{1 + |sinx|}Isinx] = p = ]im etan3x
x—0

x—0

:>ea=b:ez/3:>a=§anda=logeb

14 (b)
We have,
24 (x2/1 + x?)

fx) = 1—(1/1+ x2)
0, x=0

Clearly, lim f(x) = lim f(x) =1 # f(0)

x=0" x-0%
So, f(x) is discontinuous atx = 0
15 (d)

LHD= Jim Z&=0-7©
h-0 -h
C1-1
=lim——=20

h-0 —h
RHD= ljm £&/©)
h—0 h

1+sin(0+h)—1_ _ sinh

h = jm——=1

= LHD+#RHD

16 (a)

Given, f(x) =x —|x — x?|

Atx=1, f()=1—-]1-1=1

xl_i>r1r11f(x) = }11_1}(1)[(1 —h) =1 -h)-1-h?]
=;li_r>r(1)[(1—h)—|h—h2|] =1

xli_>r£1+f(x) = ;Li_r)r(l)[(l +h)—|(1+h)—(1+h)?[]
=lim [1+h—|-h?—hl] =1

: xl_i)flrllf(x) = xlggg =f()

17 (a)

=2 1 B B <20




We have,

fx+y+2)=f)f)f(z)forallx,y,z ..»1)
= f(0) = f(0)f(0)f(0) [Puttingx =y =2z=0]
= f(0){1-f(0)*}=0
=>f0)=1 [~f(0)=0= f(x)=0forall x]
Putting z = 0 and y = 2 in (i), we get
flx+2)=fx)f(2)f(0)
= f(x+2) =4f(x) forall x
= f'(2) = 4f'(0) [Putting x = 0]
= f'(2)=4x3=12
18 (b)
For x > 1, we have

1
f(x) = [loglx|| =logx = f'(x)= o
For x < —1, we have

1

fG) = loglxll = log(-x) = /() =~
For 0 < x < 1, we have

f() =|loglx|| = —logx = f'(x)=—

For —1 < x < 0, we have

1
f(x)=—-log(—x) = f'(x)= -

I x> 1
Hence, f'(x) =4 %,
-2 x| <1

19 (c)
Since, }Ci_r}(l) f(x) =710

1—cosx

= lim =k

x—0 x2
= lim Z5509 — [using L ‘Hospital’s rule]
x—0 2x
11. sinx i i
2R Tk T2
20 (b)
Given, f(X) = |x — 1] + |x — 2|
x—14+x-2, x=>2
={x—1+2—x, 1<x<?2
1—-x4+2—x x<1
2x — 3, x=>2
={ 1, 1<x<2
3 —2x, x<1
2, x> 2
f’(x)=i0, 1<x<?2
-1, x<1
Hence, except x = 1 and x = 2, f(x) is differentiable everywhere in R

5
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1 (b)
Clearly, f(x) is differentiable for all non-zero values of x. For x # 0, we have

(LHDatx =0) = li _M limf(O—h)—f(o)
x—0 ho0 E
h

= (LHDatx =0) = }llim }lm}) -

:(LHDatsz):—}lirrtl) = =i

J*—

=2
and, (RHD atx = 0) = lim_ M =it el
x—-07t h—-0 h

e -1 1
=>(RHDatx—0)—11m X =1

h? \/e?
So, f(x) is not differentiable at x = 0
Hence, the set of points of differentiability of f(x) is (—o0, 0) U (0, o)
2 (©
Since f(x) is continuous atx = 0
1

~ f(0) = ,lcif(l)x sin (;) =0
3 (d)
For f(x) to be continuous everywhere, we must have,
fm)=g%fw>

2 — (256 — 7x)1/8
lim (5x 35— 2 [Formﬁ]

3 (256 - 7x)_§ 2~

7
= f(0) = llo(5x+32) =45 T 8724 64
4 (b)

= f(0) =




We have,
3
ERTE R o x=>0
Feo=rP={"; 2%
x)— f(0
~ (LHDatx = 0) = lim M = lim
x-0~ x—0
and,

f(x) —£(0)
x—0

3
=lim—=0
X

~ (RHDatx = 0) = lim

x-0%
Clearly, (LHD atx = 0) = (RHD atx = 0)
Hence, f(x) is differentiable at x = 0 and its derivative atx = 0is 0

5 ()
@ e

iy = iy () < e
sin (E) log(1+§x2)

x2

2—1—18x4'+...

= (log4)3.1.a }Cl_r% %x
= 3a (log4)3
lim £(x) = £(0)

= 3a (log4)? =9(log4)3
= a=3
6 (d)
We have,
f) =|[x]x|for-1<x <2
—X, -1<x<0

0, 0<x<1

X, 1<x<?2

2x, x =2

It is evident from the graph of this function that it is continuous but not differentiable at x = 0. Also,
it is discontinuous at x = 1 and non-differentiable at x = 2
7 (c)
Given, f(x) = [x3 — 3]
Let g(x) = x3 — x it is in increasing function

. g(1)=1-3=-2
and g(2)=8-3=5
Here, f(x) is discontinuous at six points
8 (b)
Given, y = cos™lcos(x — 1), x>0
= y=x-1, 0<x-1<mn
 y=x-—1, 1<x<m+1

Atx =2 e[Lm+1]

dy
(a) s !
=7

=fl) =




9 (d)
We have,
fx+h)—f(x)
h
f)+ f(h) — f(x)
h
f(h) h?g(h)

=1 =M= = m
- -
*+ g is continuous

=>f'()=0xg0)=0 |, lim g(h) = g(0)

f'G) = lim

[~ fx+y)=fx)+f]

= f'(x) = }lli_r>r(1)

10 (b)
Using Heine’s definition of continuity, it can be shown that f(x) is everywhere discontinuous
11 (b)
For x # —1, we have
fx)=1—-2x+3x2—4x3+
1
= f)=0+x)? “aT 02
Thus, we have
1
f) =11 +x)?
1, x=-1
We have, xl_izri_f(x) — oo and xl_gri_ f(x) > o

x#*—1

So, f(x) is not continuous at x = —1
Consequently, it is not differentiable there at
12 (b)
Atx =aq,
LHL= lim f(x) =lim2a—x=a
xX—a xX—a
And RHL= lim f(x) =lim3x —2a =a
x—-at x—-a
And f(a) =3(a) —2a=a
~ LHL=RHL= f(a)
Hence, it is continuous at x = a

Again,atx = a

LHD= lim £(@-M=/(@
h—0 -h

2a—(a—h)—a
(a-h-a___

= —h

and RHD= Jim [&M=/(@
h—0 h
3(cz+h)—2a—a_3




. LHD#RHD
Hence, it is not differentiable at x = a

13 (b)
We have,

fx+h) - f)
h

fGf (W) - ()
h

f(h)y—1
h
1+ (sin2h)g(h) —1

h
X }li_r)rtl) g(h) =2f(x)g(0)

f'G) = lim

= f'(x) = }lli_r>r(1)

= f'(x) = f(x) lim

> f'() = f(x) lim

, . sin2h
= /() = £ lim—
14 (c)
If-1<x<1,then0 <xsinmx <1/2
& f(x) =[xsinmtx] =0,for-1<x<1
If 1 < x <1+ h, where h is a small positive real number, then
T<nx<nm+mh=>-1<sintx<0=>-1<xsinrx<0
o f(x) = [xsinm x] = —1 in the right neighbourhood of x =1
Thus, f(x) is constant and equal to zero in [—1, 1] and so f (x) is differentiable and hence
continuous on (—1,1)
At x = 1, f(x) is discontinuous because
= lim f(x) =0and lim f(x) = -1

x—-1~ x—-1%

Hence, f (x) is not differentiable at x = 1
15 (d)
We have,

(LHD at x = 0) = {;—x(n} — 0

x=0

d
(RHDatx=0)={—(1+sinx)} =cos0=1
dx x=0
Hence, f'(x) at x = 0 does not exist

16 (c)
, 2bx+a, x = -1
Here, f'(x) ={ 2q x < —1

Given, f'(x) is continuous everywhere
Jm fG) = lim_f(x)
—2b+a=-2a
3a=2b
a=2, b=3
a=-2, b=-3




17 (b)
We have,

y f)—f(0) " log cos x
x50 x—0 20 log(1 + x?)
o f)—fO) . log(1—1+4+cosx) 1—cosx
= lim = .
x>0 x—0 x>0  log(1+ x2?) 1 —cosx

f(x) —f(0)  im log{1— (1 - cosx)}. 1—cosx

= lim

x>0 x—0 x-0 1—cosx log(1 + x?)
o X
f@) = fO0) _ [1-(-cosm)] 2sin®y
—(1 —cosx) X log(1 + x?)
4(3)

= lim
x-0 x—0

f(x) - f(0) 1
= lim——————=——

xl—r>1;1) x—0 2
Hence, f(x) is differentiable and hence continuous at x = 0
18 (a)
Since f(x) is continuous at x = 1. Therefore,

lim f(x) = lim f(x) A—-B=3=24=34+B ..()
x—1~ x-1t

= - )lcl_r)rg) log

If f(x) is continuous at x = 2, then
lim f(x) = lim f(xX)>6=4B—-A ..(i)
x—=27 x-2%
Solving (i) and (ii) we get B = 3
As f(x) is not continuous at x = 2. Therefore, B # 3
Hence,A=3+BandB # 3
19 (a)
We have,
x —4, x=4
flx) = —(x —4), 1<x<4
(x3/2) —x% +3x + (1/2), x<1
Clearly, f(x) is continuous for all x but it is not differentiable atx = 1 and x = 4
20 (a)
Itis given that f(x) is continuous at x = 1
~ lim f(x) = lim f(x) = f(1)
x—1~ x-1t
= lim a[x + 1]+ b[x — 1] = lim a[x + 1] + b[x — 1]
x-1" x—1t
>a—b=2a+0Xxb
sa+b=0
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1 (c)
i, 160 = Jig, 261 =0
i, £G) = Jiy 5% =0
And f(0)=A[0] =0
~ f is continuous only whatever A may be
2 (b)
We have,
y(x) = f(e¥) /™)
= y'(x) = f'(e*) - e* - e/ + f(e¥) e/ f'(x)
= y'(0) = f'(1)e/©@ + f(1)e/ D f'(0)
=y'(0) =2 [+ f(0) = f(1) =0,f'(1) = 2]
3 (b)
Since f (x) is differentiable at x = 1. Therefore,
y fO-fAO) . f)-f1)
im ———— = lim —————=
x-1" x—1 x-1* x—1
fA-h-fQ) _ y fA+h)-fQ1)
—h = Ao n
1
a(l—h?-b-1_ Tith
= lim ——
—h h—-0
b—1)—2ah+ah2_1_ —h
—h ~ S0 h(1 + h)
b—1)—2ah—ah® _

h
—Ap2
=>—(a—b—1)=0andsolim2ah =1
h—0 h

= lim
h—-0

:oa—b—1=0and2a=—1:oa=—%,b=—3

2
4 ()

We have,

flx) = %:][zx] = 0 forall x [+ 4m[x]is a multiple of 7]
= f'(x) = 0forall x

5 (d)

We have,




: N
)lcl_r>r(1) flx) = }Clir(l) sin—

= lirr(l) f (x) = An oscillating number which oscillates between —1 and 1
X
Hence, lir% f (x) does not exist
X

Consequently, f(x) cannot be continuous at x = 0 for any value of k

It is clear from the graph that f(x) is continuous everywhere and also differentiable everywhere
except {—1, 1} due to sharp edge

7 (d)

We have,

log (i) = logx —logy andlog(e) =1

~ f(x) = logx

Clearly, f (x) is unbounded because f(x) - —casx = 0and f(x) - +asx — o

We have,

log x

I — lim x log x = lim 2&%
xl—% () = xl—r}?)x 08X = xl—I}(l)l/_x
1/x

=>chl_r)r(1)xf(x) :}Cl_rgT/ch: —Jl(l_I)I(l)x =0
9 (0

Since g(x) is the inverse of f(x). Therefore,
fog(x) = x, forall x

= ;—x{fOQ (x)} =1, forall x

= f'(g(x)) g'(x) = 1, forall x

1 ! — .o ! — 1
= PEwpTE x g'(x) =1forall x [ f'(x) = 1+x3]

= g'(x) =1+ {g(x)}3 forall x

10 (d)

We have,

f(x) = |x? — 4x + 3|

:>f(x)={ x?—4x + 3, ifx?—4x+3>0
—(x? — 4x + 3), ifx2—4x+3<0

14




x% —4x+3, ifx<lorx>3
—x?% 4 4x -3, ifl<x<3

= £ ={

Clearly, f(x) is everywhere continuous
Now,

d
(LHDatx =1) = (a(xz —4x + 3))

atx=1
= (LHDatx = 1) = (2x — 4)atx=1 = —2
and,

(RHDatx =1) = <:—x (—x% + 4x — 3))
atx=1

= (RHDatx =1) = (—2x + 4) 4t =1 = 2

Clearly, (LHD atx = 1) # (RHD atx = 1)

So, f(x) is not differentiable at x = 1

Similarly, it can be checked that f(x) is not differentiable at x = 3 also

ALITER We have,

fx)=1x?>—4x+3|=|x—1| |x = 3|

Since, |x — 1| and |x — 3| are not differentiable at 1 and 3 respectively

Therefore, f(x) is not differentiable at x = 1 and x = 3

11 (c)

The point of discontinuity of f(x) are those points where tan x is infinite.

le, tanx = tano

s
= x=(2n+1)§, nel

12 (a)
Using graphical transformation

| | 7.

-1 O /1
a4l
y'

(i) y=[x/-1

(iii) y = Ix| - 1]
As, we know the function is not differentiable at6 sharp edges and in figure (iii) y = ||x| - 1| we
have 3 sharp edgesatx = —1,0,1
~ f(x) is not differentiable at {0, £1}




13 (c)
)}L%l_f(x) = }ll_r%Z(O —h)=0
And ,}L%Lf(x) = }ll_r>r(1) 20+h)+1=1

lim £() # lim f(2)

f(x) is discontinuous atx = 0
14 (b)
Draw a rough sketch of y = f(x) and observe its properties
15 (c)
. (1 +cosx)—sinx
lim .
x-m (1+ cosx) + sinx

2cos?x/2 — 2(sinx/2) cos x/2
*o% 2 Cos2 x/2 + 2(sinx/2) cos x/2
= lim tan (E—E) =-1
= 2 =

X—oT

Since, f(x) is continuous atx =1
s~ f(m) =lim f(x) = -1

X—>TT
16 (d)
f1a7) =lim

1-nh

fA-m-fD

= lim
h—-0

ol
= 1msmh

h—-0

Featy i FAFR=FQ)
And f'(17) = }112?) —
. 1
. (1+h=1sin(g7—) =0

h—0 h
o1
= }LILI’(l) smﬁ
fras)=f'ah)
f is not differentiable at x = 1
Again, now

(0+h—1)sm(ﬁ)—sm1
h

[_ {(h ~ D cos L 1) * ((h = 1)2)} +sin (thl)]

h—0 1
[using L ‘Hospital’s rule]
=cos1l—sinl

ety — 1
f1(07) = lim

= lim

(0—h-1) Sin(o_ﬁ)—sin 1

—h

And f'(07) = Li_r;%




(=h — 1) cos (_hl_ 1) ((—h 1_ 1)2) — sin (ﬁ)

= lim

h—0 -1
[using L ‘Hospital’s rule]
=cos1l—sinl
= f(07) = f'(0%)
~ fis differentiable atx = 0
17 (c)

As f(x) is continuous at x = g

~ lim f(x) = lim f(x)
X x—>7+

2

Y f1=sinc+ Tr1=1+ mr
>m— =sin—4+n=>m- = nsn=—

2 2 2 2

18 (d)
Since, f—(i:{(l) >2 [ f'(x) = %]
= f(6)-f(1)=10
= f(6)+2 > 10
= f(6)=8
19 (b)
We have,
Jim f(x) g(x) = lim f(x). lim g(x) =m x 1 =ml
and,
Jim, f(x) g(x) = lim, f(x) lim _g(x) = Im
=~ lim fCx) g(x) = lim f(x) g(x) = Im
Hence, jlcl_r)l;ll f(x) g(x) exists and is equal to Im
20 (c)
We have,
o) = L EH R =1
fGOf (M) — f(x)
h

h)—1
= e = felm ™ D=L poety) = £ o))

1+hgCh)—-1
=160 =) {}lig(l) %} [ fG) = 14 x g(x)]

= £/() = £ lim g()) = F() 1 = £(x)

= f'(x) = }lii%
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.
.
.
¥

1 (a)
2 > 0
We have, ={ r, s
e have, f(x) 2 x<0
Clearly, f (x) is differentiable for all x > 0 and for allx < 0. So, we check the differentiable at x = 0

Now, (RHD atx = 0)

(5007) = @0emo =0

And (LHD at = 0)

(27) = (-20,20=0
dx o x=0

~ (LHD atx = 0)=(RHD atx = 0)

So, f (x) is differentiable for all x ie, the set of all points where f(x) is differentiable is (—oo, o)

Alternate
Itis clear from the graph f(x) is differentiable everywhere.

y

2
. / _ 1 SOO=F(0)
Since, f'(0) = 91(13(1) — = 10

L FOAR —FO)
h—-0 h

= £(0) (}zi—% f(hT)_l) =10 ..(0)
[+ f(0+h) = F(0)f (h),given]
Now, f(0) = £(0)£(0)
=>f(0)=1

~ From Eq. (i)

. f()-1 .
;llil’(l) — = 10 ..(iD)

10




( f(h)- 1)f(6) [from Eq. (ii)]
=10x3 =30

3 (a)
We have,

f (@®) = x—>a+ —a
= f'(a") = xhrcrll+ —lx ;(ild;(x)

g (x—a)
= f'(a¥) = 11m =
=fTMD—gg¢&)
= f'(a*) =d(a) [+ ¢(x) is continuous at x = a]
and,

e g 10

s e lx—ald(x)
:>f(a)—xll>rcr11_ xX—a

= f'(a”) = lim —(x LG

x»a (x—a)
> (@) = = lim ¢(x)
= f'(a”)=—-d(a) [+ ¢(x)is continuous at x = a]
4 (b)

f() f(0)

o(x) [vx>a ~|x—a|l=x—a]

. —(—1 +— ) .
— I=hl" (-h)) = b
LHL= }lm%(o h)e = 11rr(1)( h)=0

. — (A h
RHL= }11_1;12)(0 + h), (lhl (h)) = llmﬁ 0
LHL=RHL= f(0)
Therefore, f(x) is continuous for all x
Differentiability at x = 0
11
, - (=h)e @)
L=y —o !
1.1
oo 1 he~(w*)-0
Rf'(0) = lim———
= imem =0
= Rf'(0)Lf"(0)
Therefore, f(x) is not differentiable atx = 0
5 (d)
We have,
3, x<0
f(x)_{2x+1, x20
Clearly, f is continuous but not differentiable at x = 0

20

[+x<a -|x—al=—(x—a)l



Now,
f(x]) = 2|x| + 1 forall x
Clearly, f(]x]) is everywhere continuous but not differentiable at x = 0
7 (c)
We have,
f(x)=|x—-05]+|x—1|+tanx,0 <x <2
—2x + 1.5 + tanx, 0<x<05
=>f(x)={ 0.5+ tanx, 05<x<1
2x —1.5+tanx, 1<x<?2

It is evident from the above definition that
Lf'(0.5) # Rf'(0.5) and Lf'(1) # Rf'(1)
Also, the function is not continuous at = w/2 . So, it cannot be differentiable thereat
8 (d)

_ _ (log(1-3x) (1 + 3x),forx # 0
Given, f(x) = { k, forx =0

) ~log(1+ 3x)
lim f@) = lim T =30

- log(1 + 3x) (—3x)
ch_r)% 3x "log(1 — 3x)
=-1
And f(0) =k
 f(x) is continuous at x = 0
s k=-1
9 (d)
Since f(x) is differentiable at x = c. Therefore, it is continuous at x = ¢
Hence, chl_r)lg fx)=f()
10 (a)
Given, f(x) = ae*! + b |x|?
We know e!*! is not differentiable at x = 0 and |x|? is differentiable at x = 0
~ f(x) is differentiable at x = 0,ifa =0and b € R
11 (a)
We have,
Flx) = {(x —x)(—x)=0,x<0

(x+x)x=2x%x>0




vY'
(i)

As is evident from the graph of f(x) that it is continuous and differentiable for all x
Also, we have

" _(0,x<0
f@) = {4x,x >0
Clearly, f"(x) is continuous for all x but it is not differentiable at x = 0
12 (b)
x-1

—’
Given, f(x) = 2x2_71x+5
—5, x=1

x*1

faA+n-f@
h

f'() = lim

1 1
:EL%Z(Hh)_hS ( 3)

— i 2h—3+ — i 3+2h—3_ 2

“r%  h r%03h(Zh—-3) 9
s 1 S —h)—f(1)

L) = lim —h




1
2(l—h)—5 \ 3
Hm “h
2

nS0  3(2h + 3)

2
- 1) = )
13 (b)

f(1+h)—f(1)_l. fA+h . f(1)
o = lim — lim

h—0 h h-0 h

f'(1) = llrr(l)
fa+n)
LRSI

Given, lim

f() @
h

. can be finite only, if f(1) = 0 and hm (1) =0

So, lim must be finite as f'(1) exist and 11m

So, f'(1) = lim f“h”” 5

14 (c)
Since, f(x) is continuous for every value of R except {-1, -2}. Now, we have to check that points
Atx = -2

_ (—2—-h)+2
LHL= N o rse-n+z
— Jim 1

T ARzt h

_ (—2+h)+2

RHL= }ll_rg( 2+h)2+3(-2+h)+2

=1 h =-1
hlir(l)hz R

= LHL=RHL=f(-2)
~ It is continuous at x = —2
Now, check forx = —1

_ (-1-h)+2
LHL= lim == = 2
— 1 1—~h
_ o
hl—r>r<1) h2—h

_ (-1+h)+2
RHL= h_r)%( 1+h)2+3(-1+h)+2

= LHL=RHL# f(-1)

. [tis not continuous atx = —1

The required function is continuous in R — {—1}
15 (d)

f(0) =lim (e~ 1)°
*=0gin (x) log (1 + 4)

X d a
. e*—1 a
lim . X
x-0 X :
a




16
We have,

. X X X
A N N T M TS TS

X

=/ = TEI-*IEOZI ((r - Dx+ 1) (rx+1)

Jforx #0

1 1
f&) o {(r—l)x+1 rx+1}’ orx#

r=1

= f(x) = lim {1 —

n—oo

}z 1,forx+#0
nx+1
Forx = 0, we have f(x) =0

Thus, we have f(x) = {é’ J,CC i (())

Clearly, lim f(x) = lim, f(x) # f(0)
So, f(x) is not continuous at x = 0
17 (b)
If possible, let f(x) + g(x) be continuous. Then, {f(x) + g(x)} — f(x) must be continuous
= g(x) must be continuous
This is a contradiction to the given fact that g(x) is discontinuous
Hence, f(x) + g(x) must be discontinuous
18 (c)
We have,
fx+y)=f)f () forallx,y € R
=~ f(0) = f(0)f(0)
= fO{f(0)-1}=0
= f(0) =1 [~ f(0) # 1]
Now,
f(0)=0

. fO+h)—-f(0) _
= lim =

h—0 h

. h)-1 .

N m% =2 [-fO)=1] ..(0)
fGe+m) = £()

h

h —
fFeOf( 2 f) [« fix+y) = FO)f ()]

= ') = f() {lm 72 =27 (o) [Using (0]
19  (b)
We have,

2

 f'(x) = lim

= f'(x) = lim




X2
Flx) = m, x#0
0, x=0
(Z
> =X, x>0
= f(x) = 0, x=0
X2
—_—= X, x <0
—Xx
= lim f(x) =lim—x =0, lim f(x) =limx =0and f(0) =0
x>0~ x—0 x—0% x—0
So, f(x) is continuous at x = 0. Also, f(x) is continuous for all other values of x
Hence, f(x) is everywhere continuous
Clearly, Lf'(0) = —1and Rf'(0) = 1
Therefore, f(x) is not differentiable at x = 0
20 (b)
Since f(x) is continuous at x = 0
}Ci_r%f(x) =f(0)=>f0)=2 ..(D)

Now, using L’ Hospital’s rule, we have

L f@du  f(x)
m——— = lim

li —— = f(0) [+~ f(x)is continuousatx = 0]

x—-0 X x-0 1
fyrwdu
=

= lim
x-0

2 [Using (i)]




ANSWER-KEY

5

6

D

A

15

16

D

B




DPP

SESSION : 2025-26 DAILY PRACTICE PROBLEMS

CLASS : XIlth SUBJECT : MATHS
DATE : SOLUTIONS DPP NO. : 5

ZTOpiC .- CONTINUITY AND DIFFERENTIABILITY

2 (c)

rooty — i (FOO = f(2)

f(Z)—xllgl+< 7 )
3x+4—-(6+4) . 3x—6

m = lim =3
x—=27+ xX—2 x-2 X — 2

3 (a)
sinx,x >0
Here, f(x) = { 0, x=0
—sinx, x <0
s sin|0+h|-sin(0)
RHD= ;LILI’(I) —

sinh
=1

m sin|(0—h)|—-sin(0)

-~ LHD#RHD atx = 0
~ f(x)isnotderivableatx =0
Alternate

f(x) = sin [x|

'

y
It is clear from the graph that f(x) is not differentiable at x = 0
4 (b)
We have,

[ee)
n

) =) = (loge )"

n=0




X)Tl

= fx) =
n=0

= f(x) = elo8e? =g ,Wthh is everywhere continuous and differentiable

5 (c)
f(x) = [x] cos [sz_ 1] T

Since, [x] is always discontinuous at all integer value, hence f(x) is discontinuous for all integer
value

6 ()
The function f is clearly continuous for |x| > 1
We observe that

: . 1
Jm fG) =1, lim_f(x) =7
: 1 :
Also, xllql_+f(x) == and, xl:rgf(x) =

(x logea)" z(log a

_r
(n+1)2

Thus, f is discontinuous for x = i%,n =1,23..

7 (c)
Since, |f (x) — f(¥)] < (x — ¥)?

i SO FON

oy -yl

lf'MI<o0

' =0

f(y) =constant

f)=0 = f()=0 [+ f(0)=0, given]

(b)

Since ¢(x) = 2x3 — 5 is an increasing function on (1, 2) such that (1) = —3 and $(2) = 11
Clearly, between —3 and 11 there are thirteen points where f(x) = [2x3 — 5] is discontinuous
9 (c)
Clearly, [x? + 1] is discontinuous at x = v/2,/3,v4,v/5,vV6,v/7,/8
Note that it is right continuous at x = 1 but not left continuous at x = 3
10 (a)

As is evident from the graph of f(x) that it is continuous but not differentiable at x = 1
N

Jx) = [log;o x|
X

>
>

(1,0)




fx) = f(1)
x—1

£7(1*) = lim

x-1%
fA+h)—f(1)
h
log1o(1+h)—0

h
P log(1+h)_ 1
= A = g, 10~ log, 10
o . )=
' )—;Lrgg—x_l
fA-h -1
h
logo(1—h) — 1 log.(1—h) —
T o0 hlog,10 | oBw0¢

= f"(1%) = lim

> f"(1*) = lim

=log o€

= f"(17) = lim
= f"(17) =lim
11 (b)

It can be easily seen from the graph of f(x) = | cos x | that it is everywhere continuous but not
differentiable at odd multiples of /2

12 (d)

We have,

i . . 4—-h—-4
A S @) =l S =y = i e

h
:,}LT—f(x) :}111_1)1(1)—E+a= a—1
: : Bi A
:xll)r‘r}l_f(x) =}11_I)T(l)f(4+h) :}lll_r)r(l)m+b =b+1
and, f(4) =a+b
Since f(x) is continuous at x = 4. Therefore,
lim f(x) = f(4) = lim_f(x)
x—4~ x—-4%
>a—1=a+b=b+1=>b=-1anda=1
13 (b)
We have,
2 -1
f)={Vi+x—-1
k, x=0
Since, f(x) is continuous everywhere

Jim f(x) = £(0) ..(D)

. . 200-h)_4
Now, lim f(x) = lim ———
x>0~ h—-0+1+(0—-h)-1

,—1 < x < oo, x#0

-h
m _—12 [by L’ Hospital’s rule]
2V1-h
=2lim 27"log, 2V1—h




= 2log, 2
From Eq. (i),
f(0) = 2log, 2 =log, 4
15 (b)
We have,
e /h_1

e 1h 11 -1

Jiy £3) = im F 1) = fn
and,
| . eth—1  eTUn
Jim, f0) = Jim f(h) = Im g = mo=m = 1
i G # Ji, £G0)
Hence, f(x) is not continuous at x = 0
16 (c)
LHL= lim f(x) =lim1+ (2 —-h) =3
x—-27 h-0
RHL= lim f(x) =1lim5—-2+h)=3, f(2)=3
x-2% h-0
Hence, f is continuous at x = 2
" 1 f2+h)-f(2)
Now, Rf"(2) = ;LILI’(I) —
5-2+h)-3 _

= ;ll_r% 3 =-1

f@Q-n-f(2)
—h

1+2-h-3
—h -
~ Rf"(2) #Lf"(2)
~ fis not differentiable at x = 2
Alternate

Lf"(2) = lim

| pmmmmmmmm 2

It is clear from the graph that f(x) is continuous everywhere also it is differentiable everywhere
exceptatx = 2

17 (d)

We have,

fx+y)=f)f () forallx,y €R

Puttingx = 1,y = 0, we get

fO =ff0)=fO)(1-f(1)=0

=fM)=1  [-f(0)=#0]

Now,




fr)y=2
L SO —f@)
h—-0 h

o FOOF) — F)
h—0 h

h)—1
= S =
= lim 282t = 2 [Using f(1) = 1]

h-0 h
fA+h)—f(4)
h
f@)f) - f4)
h

2

2

2

« f'(4) = lim

= f'(4) = lim
h) -1

= f'(4) = {}lli_rgg) }%}f@l)

=f'(4)=2f4) [From ()]

=>f'(4)=2%x4=8

18 (d)

We have,

lim g(x) = lim g(x) =1and g(1) =0

So, g(x) is not continuous at x = 1 but chl_rg g(x) exists

We have,

lim f(x) = lim f(1 —h) = lim[1 —h] =0

and,

xlg{gff()() = ;Ll_r)r(l)f(l +h) = }ll_r%[l Nmi S L

So, lirri f(x) does not exist and so f(x) is not continuous atx =1
X—

We have, gof (x) = g(f(x)) = g([x]) = 0, forallx € R
So, gof is continuous for all x
We have,
fog(x) = f(g(x))
0), xX€Z
= fogt) = {f(afz(),) XER-Z
0, xX€Z

:fo‘q(x):{[xz], XER-Z

Which is clearly not continuous
19 (d)
Atx =1,

. fa+n)-F()

RHD= lim
h—0* h

2—(1+h)-(@2-1)
m = —
h
lim fa-n-f(1)
h—-0— —-h




(1-h)-2-1)

= lim =
h—0 —h

. LHD#RHD

20 (d)

Given, f(x) = |x| +

1

1zl

X

Let f,(x) = |x], f,(x) =2

1. LHL= lim f;(x) = lim |x| =0
x-0" x-0"

And RHLle%l+f1 (x) = xll)r(r)l+|x| =0

Here, LHL=RHL=£(0), f; (x) is continuous

. X . 0+h
RHL= lim X _ hmu =
x—0t X h-0 h

~ LHL#RHL, f,(x) is discontinuous

Hence, f(x) is discontinuous at x = 0
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{
.
.
.
¥

1 ()

From the graph it is clear that f(x) is continuous everywhere but not differentiable at x = 3

3’ ifx>;
Given, f(x) =< _ 2. °
(2x 3), ifx <>
2x-3 2
1, if x>

1, ifx < 5
, ifx <5
Now, RHL= 11r‘§1+f(x) = llr§1+ 1=1

—— ->—
x 2 x 2

And LHL= lim flx) = lim (-1 =-1

—>— —>—
X 2 X 2

RHL=+#LHL

- . 3
f (x) is discontinuous at x = >

3 ()
Since the functions (logt)? and L:t are not defined on (—1, 2). Therefore, the functions in options
(a) and (b) are not defined on (-1, 2)

1-t+t?

The function g(t) = Ttiee2

is continuous on (—1, 2) and

x 1-t+t?

f(x) = fO 1+t+t2
Therefore, f(x) is differentiable on (—1, 2) such that f'(x) = g(x)
4 ()

Since, f(x) =

dt is the integral function of g(t)

1-tanx
4x—1

. . 1-tanx
NOW' xl—l>nm/4f(x) B xkgﬂ( 4x—T0 )




= lim
x-m/4

im £ =£(3) =3

xX-T/4

(a)
1—cosx 2 sin? %
lim f(x) =lim ———— = lim =X =
x—0 x—0 X x—0 4(£)
2
Also, f(0) =k

For, }Ci_r)ré f(x)=f0) = k=0

6 (a)
We have,
fO) = x| +[x -1
—2x+1, x<0
:f(x):{x—x+1, 0<x<1
x+x—1, x=>1
—2x+1, x<0
:f(x):{l, 0<x<1
2x —1, x=1
Clearly, lim f(x) =1 = lim f(x) and lim f(x) = lim f(x)
x—0~ x—-0% o x—1%
So, f(x) is continuous atx = 0, 1
7 (d)
©0) = i 2x —sin"lx
f)= 50 2x + tan—1 x
_sin”'x

101Y — Timy LAFR=F(D)
£/ = Jim L2

-0

1+h—-1 (1)

- 3
— lim 21+h)*—-7(1+h)+5

h-0 h
1.1
(2h—3+§):hm< 2h )Z_E
3h(2h—3)) 9

= lim
h—0 h h—0

10 (a)
LHL= Li_r:r(l)f (—g— h) = Li_r:r(l)Z cos (—%— h) =0




RHL= limf (-2+n)= lim2 asin(=Z+h)+b
=—a+b

Since, function is continuous.

~ RHL=LHL = a=5b

. . . (11 - . .
From the given options only (a) ie, (— —) satisfies this condition

2’2
11 (a)
We have,
f'(0)=3
f(x) —f(0)

:>)161_r)13) x—0 =3

- fO+h)—f(0) _
m =

> }111_)0 A 3 [Using: (RHD atx = 0) = 3]

_ fO)f(n) - £(0) fx+y) =fOfW)
=2 [0t m-rorm
= £(0) (}lli_l}g =3 .0

Now, f(x +y) = f(x)f(y) forallx,y € R

= f(0) = f(0)f(0)

= fO{1-f(0}=0=f(0)=1

Putting f(0) = 1in (i), we get

(-1 .
}ll_r}(l)T =3 ..(ii)

Now,

f'(5) = lim

f(5+h)—f(5)
h
5)f(h) — £(5
- 115 = LW/
= £(5) = {m%} f(5)=3x2=6 [Using (i)]
12 (c)
We have,

f'() = lim

fa+h) - f()
h
o £y = i[OO /@
h

= f(x) = lim hg ) lim g(h) = g(0) [+ gisconti.atx = 0]
h—0 h h-0

13 (b)

The domain of f(x) is [2, o)

We have,

— 2
f(x)=\/(2x+4)+2+2\/2x—4




+2-2V2x—4

N j (\/sz— 2)’

:f(x)z%\/(\/my+4\/m+4

+%\/(\/2x—4)2—4\/2x—4+4
:f(x):%|m+2|+%|\/m-2|

5 f(x) = %Xll, ifv2x —4 <2

V2\2x—4, ifV2x—4>2
2V2,  ifx€[2,4)
2Vx—2,  ifx € [4,)

0 ifx € [2,4)

Hence, f'(x) = {\/% if x € (4, 0)
14 (c)

We have,
. (1
f-f©  *sin(3) 1

lim——————=lim =limxsin—=0
x-0 x—0 x-0 X x—-0 X
So, f(x) is differentiable at x = 0 such that f'(0) = 0

For x # 0, we have

@ = 2sin(7) 422 eos () (= )

f'(x) = xsmx xcosx =
1

1
= f'(x) = 2 xsin— — cos—
£'(x) = 2xsin— - cos—

=>f(X)={

1 1 1
= lim f'(x) = lim 2 x sin— — lim cos (—) = 0 — lim cos (—)
x—0 x—0 X x-0 X x—-0 X

. . 1 .
Since lim cos (—) does not exist
x-0 X

lin(l) f'(x) does not exist
X—
Hence, f'(x) is not continuous at x = 0
15 (c)
We have,
- #0
e X
fx) = {x/ﬁ
0, x=0
x 1 x>0
—, %0 ’
> f(x) = i|x| T {—1. x <0
0, x=0 0, x=0
CLearly, f(x) is not continuous at x = 0

17 (c)
1
Given, lim [(1 + 3x)x] =k
x—0




e =k
18 (b)
For x > 2, we have

fx) = f{5+ |1 —t|}dt
0

1
:>f(x)=f(5+(1—t)dt+f (5-(1—t)dt
0 1

1 X
=>f(X)=f (6—t)dt+f (4 + t)dt
0 1

2] 21"
= f(x) = 6t—7] +[4t+7
0 1
2

x
=>f(x):1+4x+7

Thus, we have
5x +1, ifx <2

x) =< x?
f&) 7+4x+1, ifx>2

Clearly, f (x) is everywhere continuous and differentiable except possibly at x = 2
Now,
lim f(x) =lim5x+1=11
X—-27 xX—2
and,
X2
xlgl)ff(x) = glcl_Ig (7+ 4x + 1) =11
= lim f() = lim, f(x)
So, f(x) is continuous at x = 2
Also, we have (LHD atx = 2) = lirgl_ f'(x) = lirr% 5=5
xX— X—
19 (b)

The given function is clearly continuous at all points except possibly at x = +1
For f(x) to be continuous at x = 1, we must have

lim f(x) = lim f(x) = f(1)
x—1~ x—-1%
= limax? + b = lim —

x-1 x-1 |x|

>a+b=1 (1)
Clearly, f(x) is differentiable for all x, except possibly at x = +1. As f(x) is an even function, so we
need to check its differentiability at x = 1 only
For f(x) to be differentiable at x = 1, we must have

 f)-f@) . f)-fD)

lim ———— = lim ————=

-1~ x—1 -1t x—1

ax?+b-1
= lim =1i
x—-1 X —




= lima(x + 1) = lim—
x—1 x-1 X

>2a=-1=>a=-1/2
Puttinga = —1/2in (i), we get b = 3/2

20 (c)
At no point, function is continuous
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1 (a)
It is clear from the figure that f(x) is continuous everywhere and not differentiable at x = 0 due to
sharp edge

2 (9
£ Va? —ax+x?—va?+ax+x? Va?—ax+x?+vVa®+ax+x? Ja+x+Va—x
x) = X X
va+x—+va—x Va2 —ax+x?+Va? +ax +x* VJat+x+Va—x
=>lirr(1)f(x)
X—

i —2ax(Va + x ++Va —x)
= lim
=0 2x (Va2 — ax + x2 +/a? + ax + x2)

_—a(2Va) _
“@ro - V@
3 (b)

1—cos4x
Given, f(x) = {T'x #0
k x=0
LHL= lim f(x)
x-0"
1—cos4(0—h)
8(0 — h)?
1 —sin4h
8h?

4sin4h

=1 [by L ‘Hospital’s rule]

Since, f(x) is continuous atx = 0
f(0)=LHL = k=1




4 (d)
Given, f(x) = |x — 1| + |x — 2| + cosx
Since, |x — 1], |x — 2| and cos x are continuous in [0, 4]

=~ f(x) being sum of continuous functions is also continuous

5 (©)

If function f(x) is continuous at x = 0, then

£(0) = lim £()

. 1
f0)=k= }Cl_r)r(l)xsm;

k=0 [-.-—1sSin§s1]

6 (b)
We have,
h(x) = {f ()Y + {g(x)}?
= h'(x) = 2f(x)2f"(x) + 2 g(x) g'(x)
Now,
f'(x) =g(x)and f"(x) = —f(x)
= f"(x) = g'(x)and f"(x) = —f(x)
=>—f(x)=4g'(x)
Thus, we have
f'(x) = g(x)and g'(x) = —f(x)
“h'(x)=-2g)g'(x)+29g (x)g'(x) =0, forall x
= h(x) = Constant for all x
But, h(5) = 11. Hence, h(x) = 11 for all x
7 (@)
0, x=0

f)=1xP=1x3 x>0

—-x3, x<0
Now, Rf'(0) = Jim =2 = 0
And Lf'(0) = Jim 20—
© Rf'(0)=Lf'(0)=0
“ f0)=0
8 (b)
We have,
(LHLatx =0) = nli_)rgl_f(x) = }li_r%f(o —h)

= (LHLatx = 0) = lirr(l) sin~!(cos (=h)) = }lirr(l) sin~!(cosh h)
n- N

= (LHLatx = 0) =sin"11 =m/2
(RHLatx =0) = lirg1+f(x)
X—

= (RHLatx = 0) = lim £(0 + h) = lim sin"1(cos h)

= (RHLatx = 0) = sin"1(1) = m/2
and, f(0) = sin"(cos 0) = sin~1(1) = /2




~ (LHLatx = 0) = (RHLatx = 0) = f(0)
So, f(x) is continuous at x = 0

Now,

—sinx

e ; - =1,x<0
sin x sinx —sinx ’

Vi—cos?x |Isinx| —.sinx = —1,x>0
sinx
~ (LHDatx =0)=1and (RHDatx =0) = -1
Hence, f(x) is not differentiable at x = 0
9 (d)
For any x # 1,2, we find that f(x) is the quotient of two polynomials and a polynomial is
everywhere continuous. Therefore, f(x) is continuous forall x # 1, 2
Continuity at x = 1:
We have,
lim f(x) =Ilim f(1 —h)
x—1" h-0
1-h-2)1-h+2)A1—-h+1)A—-h-1)
li =i
= N f(x) = |im (A—h—-1)(1=h-2)]
B-mM2-N(E1-hH(E=h)
(=M (=1-h)]
B-mN2-nhth+1)
h(h+ 1) [

1) =

> i S =i

> Jinp £2) =
and,

im, f(x) = lim f(1 + h)
A1+h-2)A+h+2)A+h+1D)(A+h-1)
[(1+h—-1DA+h-2)|
I — 1 (h-1)B+hm(2Z+h)h)

Jim 6 = im [h(h — D)

_ o (h=-1DB+M2+h)h
A, () = i h(1—h) d
=« lim f(x) # lim f(x)

So, f(x) is not continuous atx = 1
Similarly, f(x) is not continuous at x = 2
10 (b)

—9) _ _x
Let f(x) = h(x)  1+|x]|

Itis clear that g(x) = x and h(x) = 1 + |x| are differentiable on (—oo0, ) and (—o0,0) U (0, )

respectively

Thus, f(x) is differentiable on (—o0, 0) U (0, ®).Now, we have to check the differentiable at x = 0
X

e SO _ TER 01

. lim————— = lim——— = lim =

x>0 x—0 x>0 X x-01 4+ |x|

Hence, f(x) is differntaible on (—oo, o)

11 (b)

Atx =0,

Jim 70 = i




. 1
LHL= }l}l}(l)m }111132)1 o1k =0

1
RHL= lim - = lim e = 1

~ FUnction is not continuous at x = 0
12 (a)

We have,

fog=1

= fog(x) = x forall x

= f'(g(x))g'(x) = 1forallx
/ 1 1 O S ~
=f9@) =g =32/ ® =5 [ f@=b]

13 (a)
Since, }Cing) f(x) =f(0)
sin tx
= lim =k
x-0 5x
> Di=k > k=% [ lim 2% = 1]

5 x>0 X
14 (d)
Given, f(x) = [x],x € (—3.5,100)
As we know greatest integer is discontinuous on integer values.
In given interval, the integer values are
(-3,-2,-1,0,...,99)
=~ Total numbers of integers are 103.
15 (a)
LHL= lim f(0—nh)
=l'm£ -1 [ lim — O]

h—0e 1/h+1 h0 el/h
el/h_q
el/hy1

RHL= hmf(O +h) = hm

» LHL#RHL

So, limit does not existatx = 0
16 (d)

We have,

fl) =x*+

4- 4

X

1+ x4 (1+x4)+
x* .
:,f(x):—1:1+x ,ifx =0

1= 1+ x*
Clearly, f(x) =0atx =0
Thus, we have




(1 +x* x#0
fe ={ S

Clearly, xllrgl_f(x) = xllrgl+f(x) =1+ f(0)
So, f(x) is neither continuous nor differentiable at x = 0
17 (a)
We have,
1+ x, 0<x<2
f(x):{B—x, 2<x<3
~ g(x) = fof(x)
= f(0) = f(f(0)
1+ x), 0<x<2
= 9(x) :{;E3—x§, 2<x<3
14+ (1+x), 0<x<1
=>g(x)=<{3->1+x), 1<x<2
14+ (3 —-x), 2<x<3
2+x, 0<x<1
:>g(x)={2—x, 1<x<2
4 —x, 2<x<3
Clearly, g(x) is continuous in (0,1) U (1,2) U (2, 3) except possiblyatx = 0,1, 2 and 3
We observe that
lim g(x) = xlir(r)1+(2 +x)=2=g(0)

x-0%
and lim g(x) = lim 4—x=1=g(3)
X—-3" X3
Therefore, g(x) is right continuous at x = 0 and left continuous at x = 3
Atx = 1, we have
lim g(x) = lim 2+x =3
x-1" x-1"

and, xhl% gx) = xll»nf’f 2—x=1

~ lim g(x) # lim g(x)
x—1* x—1~
So, g(x) is not continuous atx = 1
Atx = 2, we have
lim g(x) = lim (2—-x)=0
xX—-27 X2
and,
300 = Jip (=0 =0
i 9 = i, 9
So, g(x) is not continuous at x = 2
Hence, the set of points of discontinuity of g(x) is {1, 2}
18 (b)
Since g(x) is the inverse of function f(x)
~ gof(x) = I(x), forall x
Now, gof (x) = I(x), for all x
= gof(x) = x, forall x
= (gof)'(x) =1, forall x




= g'(f(x))f'(x) = 1,forallx [Using Chain Rule]
=g'(f(x) = ﬁ, for all x

> g’(f(c)) = ft 5 [Putting x = c]
19 (d)

Ug

1
P 1
Given, f(x) = {x cos (X),x *0
0, x=0
Since, f(x) is differentiable at x = 0, therefore it is continuous at x = 0

’lci_r}?) fx)=f(0)=0

1
= lim xpcos<;)=0 = p>0

x-0

As f(x) is differentiable at x = 0
fx)=f(0)
-0

lim exists finitely
x—0

. xP cosi—o . .
= lim ——*— exists finitely
x—0 x

= lim xP~! cos= — 0 exists finitely
x—0 X

= p—1>0 > p>1

20 (a)

y

It is clear from the graph that f(x) is continuous everywhere and also differentiable everywhere
exceptatx =0
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1 (0

We know that the function

1
d(x) = (x — a)? sin( )
xX—a
Is continuous and differentiable at x = a whereas the function W(x) = |x — a| is everywhere
continuous but not differentiable atx = a
Therefore, f(x) is not differentiable atx = 1
2 (d)
2X _ =X

lim ——— = lim 2¥log2 + 27" log 2
x—0 X x—0
[by L’ Hospital’s rule]
= log4
Since, the function is continuous atx = 0

fO) =lim f(x) = £(0) =log4

X—

3 (@)
As is evident from the graph of f(x) that it is continuous but not differentiable at x = 1
N

J ) = [log;o x|
X

(1,0)

VY’
Now,
44N — 1: f(X)—f(l)
fran=m =T
fA+h)—f(1)
h
logio(1+h)—0

h
log(1+h 1
= f"(1%) = lim o8l ) =
h-0 h.log, 10 log, 10

= £7(1%) = lim

= f"(1%) = lim

= logqp €




fran =

f(x)—f(l)
x—1

fA-h-fD)
h
log1o(1—h) — log.(1— )
T o0 hlog, 10

x—»l"’

= f"(17) = lim

=>f"(17) = ’llirr(l)
4 (a)
We have,

f'Go) = lim

—log e

fx+h) - f®)
h

h) —
> 0 = i ORIy = 0+ £0)

= f'(x) = 11m¥
o) = i sinh g(h) . sinh
f() = lim ——=——= lim——lim g(h) = g(0) =

h—>0
5 (a)
We have,

—2x +1, x<0
fG)=Ix|+|x—-1={ 1  0<x<1
2x 7= 1<x
Clearly, lim f(x) =lim1 =1, lim f(x) =lim(2x—-1) =1
x-1" x—-1 x—1t x-1
and, f(1) =2x1-1=1
- lim f(x) = lim f(x) = f(1)
x-1~ x—-1%
So, f(x) is continuous at x = 1
Now, lim fOO)-f(1) _ - lim fa-n-rf@) _
x-1— x-1 h—>0 -h
and,

f(x) f(l) _1i f+h)—f(1)
_— m
X — h—0 h

f( ) f(l) i 21+h)—1-1
————— = lim
X — h—0 h
~ (LHD atx = 1) # (RHDatx =1)
So, f(x) is not differentiable at x = 1
6 (d)
The given function is differentiable at all points except possibly atx = 0
Now,
(RHD atx = 0)
fQO+h) - f(0)
m
h—0 h

CVhRFi-1
=lim——————
h—0 h3/2

=2

h 1
= lim = lim -
h=>0p3/2(Vh+1+4+1) r0VRWh+1+1)

So, the function is not differentiable at x = 0




Hence, the required setis R — {0}

7 ()

We have,

fOfO) =f)+ )+ fxy) -2

1 1
Q)= rs (-
= f ()= +p(5) [FTQ 2 Guttingx =y =1

in the given relation)
> f(x)=x"+1

=>f2)=2"+1

=>5=2"4+1 [+ f(2) =5 (given)]
>n=2
Sfx)=x*4+1=f(3)=10

8 (b)

We have,

f(x) =%x—1,for0 <x<m

. _(—Lfor0<x<?2
"{f(x)}_{o,forZSxSn

_(tan(—1)=—tan(1),0<x < 2
:)tan[f(x)]_{ tan0=0, 2<x<m
It is evident from the definition of tan[f (x)] that
lim tan[f(x)] = —tan1and, lim tan[f(x)] =0
x—27 x—2+
So, tan[f(x)] is not continuous at x = 2
Now,

-2 2

1 X 1
f@=3r-1=f@ =" ==

Clearly, f(x) is not continuous at x = 2

So, tan[f(x)] and tan [L] both are discontinuous at x = 2

%)
9 (9

1~X cotx
lim(1 + x)°t* = lim {(1 + x)f}
x—0 x-0

= lim e* cotx
x—0

Since f(x) is continuous atx = 0
f(@0) = lim f(x) =e
x-0
10 (b)
. s
LHL= lim f (G-n)
T T
tan(+-—h)—cot(+-—h
) e (E-1)
h—-0 ——h-—-=
4 4
cenr2 (T Y 2 (T _
_y sec (4 h) cosec (4 h)
= lim
h—-0 -1

=€

=4




[by L ‘Hospital’s rule]
Since, f(x) is continuous at x = %, then LHL= f G)
a=+4
11 (a)
If -1 <x <0,then
X X

f@)=JWHdh:Jl%dt=—%@2—D

-1 -1

If x = 0, then
0 x

f@)=‘f—tmﬁ—f—¢dt=%ﬁ@+1)

-1 -1

1
—E(xZ—Z), -1<x<0
-'-f(X): 1
E(x2+1), 0<x

It can be easily seen that f(x) is continuous at x = 0
So, it is continuous for all x > —1
Also, Rf'(0) = 0 = Lf'(0)
So, f(x) is differentiable at x = 0
—X, -1<x=0

s f(x) = 0, x=0

X, x>0
Clearly, f'(x) is continuous atx = 0
Consequently, it is continuous forall x > —1i.e.forx+1 >0
Hence, f and f’ are continuous forx +1 > 0
12 (c)
We have,

x M —x™

f(x) = lim

n-oo x M 4 xM
1_x2n
:f(x):Tlli—l;lgol‘}'xzn
1—0_
1+0
1-1

= f(x) = 1+—1=0, ifx =+1
0-1__ if x| > 1
o+1 "M

Clearly, f(x) is discontinuous at x = +1
13 (b)
Clearly, log |x| is discontinuous at x = 0

) =

Hence, f(x) is discontinuousatx = 0,1, —1

1, f—1<x<1

is not defined atx = +1




14 (a)
For continuity, lirr& fx)=k
xX—>
sin 3x sin3x 3x

= lim - =k = lim .— =
x-0 Sinx x-»0 3x sin3x

= 3=k
15 (b)
Since, the function f(x) is continuous
£(0) =RHL £ (x) =LHL (x)
. log(1+0+h)+log(1-0-h
Now, RHL f (X) = lim “ECt 20800
_ log(1 + h) +1log(1—h)
= lim 3

R
= i 1
[by L ‘Hospital’s rule]
f(0) =RHL f(x) = 0
16 (d)
(X%, <4
lx—a" % % —1+ax<4
flx) = a+b x=4 a+b
x—4 1+b,x>4
+b, x>4
|x — 4]
LHL= lim_ f(x) =a—-1
x—4+

RHL= lim f(x)=1+b
x—4+

Since, LHL=RHL= f(4)
= a—-1l=a+b=>b+1
a=1andb=-1
17 (d)
We have,
( -1
x—1’

=!1—1
fOI=31=1_ 0 i x<2
x—1

0, x=1
Clearly, lir?_f(x) — —ooand lir{1+f(x) =0
g X—

0<x<1

So, f(x) is not continuous at x = 1 and hence it is not differentiable at x = 1
18 (d)

1—+/2sinx

x>y T 4x

lim £ () = limy

4

[by L ‘Hospital’s rule]




Since, f(x) is continuous at x = %

I

lirr71tf(x)=f(—) > —=a

L 4
x-7

19 (d)
LHL= lim f(x) =liml—h+a=1+a
x—-1" h-0

RHL= lim f(x) =lim3 — (1 +h)? =2
x—-1% h—0
For f(x) to be continuous, LHL=RHL

514+a=2 = a=1

20 (b)
__ 1. €os3(0—h)—cos(0—h)
LHL= lim ="
— i cos3h —cosh
= h h2
—3sin3h +sinh

2h

—9cos3h+cosh —-9+4+1
= lim = =—4
h—-0 2 2

- lim @ =£0) = =4

= lim
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1 (0
3_A43 _ 3_,3
LHL= lim =% = Jjm (&0
x—-a~ x—a h-»0 a—h-a
(a-h—a)f(a—h)?+a®+a(a—h)}
im =
—h
Since, f(x) is continuous atx = a
LHL = f(a)

= 3a?=

3a?

3 (a)
We have,

tan x, 0<x<m/4

cotx, -n/4<x<m/2

f@) = tanx, n/2 <x<3m/4

cotx, 3nfd<x<m
Since tan x and cot x are periodic functions with period . So, f(x) is also periodic with period
It is evident from the graph that f(x) is not continuous at x = m/2. Since f (x) is periodic with period 7. So, it is
not continuous atx = 0, +n/2, +m, # 3m/2
Also, f(x) is not differentiable x = /4,3 /4,5m /4 etc
A Y

tan x cotx

3n
4
cotxV tan x




4 (c)

We have,

f) = {lx] = |x — 1}
(—x +x —1)?, ifx<0

> f(x)={(x+x-1)?% ifo<x<1
(x —x+1)? ifx>1

1, ifx <O
= f(x) ={(2x—1)2, ifo<x<1
1, ifx>1
, (0, ifx <<Oorifx >1

=/ (x)_{4(2x—1), if0<x<1

5 (b)

We have,

' o f) = fxo)
f'(xo) = JCILTJYCIO T %o
’ T (x —x0)Pp(x) — 0

= f(x) = xll_)rjrclo & — x0)

= f'(x0) = lim ¢(x) = d(xp) [+ (x) is continuous at x = x;]

6 (b)

Since, xlirg)ff(x) =f(2)=k

= k=lmf2+h)

1 -1
= k=lim|(2+ h)? + e2-(@+M)
-1 1
= lim [4+h?+4h+e V] ==
h-0 4
7 (©
For f(x) to be continuous at x = /2, we must have

lim f(x) = f(n/2)

X-m/2
) 1 —sinx log sin x
= lim . =
x-m/2 (m — 2x)? log(1l + w2 — 4mx + 4x2)
ol 1—cosh>< logcosh
RO 4hz  log(l + 4h?)
S 1—coshxlog{1+cosh—1}>< 4h? ><cosh—l_
RS0 4h? cosh—1 log(1+4h2) " 4nz
(1 — cos h)z log(1 + (cosh — 1)) 8 4 p? 3
4h2 cosh—1 log(1 + 4h2)

k

=k

= —lim k

h—-0

<sin2 h/2>2 log(1 + (cosh — 1)) 4h?

2 h?2 cosh—1 % log(1 + 4h?) =k
1 (sin h/Z)4 log(1 + (cosh — 1)) 4h?

= ——1i X =k
64120\ /2 cosh—1 log(1 + 4h?)

>—-——=k
64




8 (0
. . sin5(0—h
LHL= Jim f(0 = h) = Jim &= 50
sin 5h
=(h—2)
Since, it is continuous at x = 0, therefore LHL= f(0)

2

=>5 k+1 k=2
—_ = —_ = =
2 2

9 (a)

Since f(x) is continuous atx = 0

+lim f(x) = £(0) = 0

1
= limxnsin<;) =0=>n>0

x—0

f (x) is differentiable at x = 0, if
lim 97O oyists finitely
x—0 x—=0
.oox" sin=—0 . L.
= lim X exists finitely
x—0 x
=1 i (1) aviore fin
= 31(1_r)r(1) x"" " sin (X) exists finitely

>n—-1>0=>n>1

Ifn <1, then lim x™ ! sin (%) does not exist and hence f(x) is not differentiable at x = 0

x—0
Hence f(x) is continuous but not differentiable atx = 0 for0 <n < 1ie.n € (0,1]

10 (b)
Clearly, f (x) is not differentiable at x = 3
Now, ,}L‘?- flx) = }ll_l;r(l) f(3—h)
= lim |3 —h — 3|

h-0
=0
lim f(x) = lim £(3 + h)
=lim [3+h—-3|=0

h-0
and f(3)=|3-3|=0
~ f(x) is continuous at x = 3
11 (a)
It can easily be seen from the graphs of f(x) and that both are continuous atx = 0
Also, f(x) is not differentiable at x = 0 whereas g(x) is differentiable atx = 0
12 (c)
We have,
—sin(a + 1)h —sinh

—h

I — 1 0— &) = 1 sin(a + 1)h sinh

= Jim f6) = Jimf(0=h) = Jim h T

= lim f(x) =limf(0—h)=(a+1)+1=a+2
x—-0~ h—-0

Ji £0) = fim £O = by = i

57




and, lim f(x) = lim f(0 + h)
x—0% h—0
Vh + bh? —+h

= Jim, f () = i =557

S lim, f() = I h+bh?—h " 1 1
11m X) = 1m =1IImMm—==
x-0* h=0ph3/2(Wh + bhZ2 —vh) h=>0y1+bh+1 2

Since, f(x) is continuous at x = 0. Therefore,

Jlim f(x) = lim f(x) = f£(0)

La=_3 dbeR-{0
5,@=-—5an {0}

For f(x) to be continuous at x = 0, we must have
lim £ (x) = £(0)
9 -1H*¥ -1
= lim ( X ) =k
x>04/2 — /2 cos? x/2
O -HE -1
= lim =k
x>0 +/2.2sin% x/4
X _ X _
16 x (9 1) (4 1)
: x x
= i g2y
- sinx
22(55F)
16
= ——log9.log4 = k = 4v210g9.log4 = 16v2log3log 2
2V2
14 (b)
Given, f(x) = [tan® x]
Now, lim f(x) = lim[tan? x] = 0
x—0 x—0
And £(0) = [tan?0] = 0
Hence, f (x) is continuous at x = 0
15 (b)
Let, f(x) = x
Which is continuous at x = 0
Also, f(x+y) = f(x) + f(¥)
= f(0+0)=f(0)+1(0)
=0+0
= f(0)=0
fA+0)=f(1)+f(0)
= f(1)=14+0
= f(H=1
As, it satisfies it.
Hence, f(x) is continous for every values of x
16 (c)

Here, gof = {
e

sinx x>0
x<0




: LHD= llm gOf(O—h)—gOf(h)
h— —h

el—cosh _ el—cosh

= }lll_r}}) - =0

RHD= llm gOf(O'I-h)—gOf(h)
h-0 h
esinh _ esinh

= }ll_r%# =0

Since, RHD=LHD=0
=~ (gof) (0) =0
17 (b)

We have,

2~(3+3)
(x+ 1) &%) = (x + 1)?, x<0
f(x) 0, x =0
-+
(x+1)> &Y = (x + 1) x>0
Clearly, f (x) is everywhere contmuous except possibly at x = 0

At x = 0, we have
lim f(x) = lim x+1)?2=1

x—>0"
and, lim f(x) = lim(x +1)%7% = lim(x + 1)72/*
x—0% x>0

N llm f(x) _ ellm— log(1+x) _ —fo—2

Clearly, lim f(x) = lim f(x)
x—0~ x-0%*
So, f(x) is not continuous at x = 0
18 (b)
Since f(x) is continuous at x = 0. Therefore,
lim £ (x) = £(0)
= lim f(x) =k
x—0
~ log(1 + ax) —log(1 — bx)
= lim =

x—0 X

log(1 + ax log(1 — bx
= alim —g( ) (=b) lim —g( ) =
x-0 ax x—>0 —bx

>a+b=k
19 (c)
Since f(x) is continuous atx = 0
~ f(0) = lim f(x)
x—0
(27 2x)Y3 -3
—3(243+5 x)1/5

1@7-2 x)‘?(—Z) ( 2
3

= f(0) = lim

[Formg]
orm 0

= f(0) = lim

xX— 0

= (243 +5x)" 5(5)
20 (d)




li e?*—1-2x
xl—I:I(l) x(e?*-1)
. 2e2¥-2 . p .
= )lcl_r>r(1) @ Droxe [using L ‘Hospital rule]
. 4e2% . « . )
= )lg_r}r&m =1 [using L ‘Hospital’s rule]

Since, f(x) is continuous at x = 0, then

lim f() =f(0) = 1=£(0)
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1 (b)

If a function f(x) is continuous at x = q, then it may or may not be differentiable at x = a

=~ Option (b) is correct

2 (0

Let f(x) = |x — 1| + |x — 3]
x—1 4+x—-3 ,x=3

={x—1+3—x, 1<x<3

1-x +3-—-x, x<1

2x—4,x =3

= { 2,1<x<3
4—-2x,x<1

At x = 2, function is

flx) =2

= f'(x)=0

3 (d)

We have,

()

(x+1De \xx)=(x+1), x<0
1 1

c+1) e &G = (x+ De2/% x>0

Clearly, f(x) is continuous for all x # 0

So, we will check its continuity at x = 0

We have,

(LHLatx =0) = lim f(x) =lim(x+1) =1
x-0" x—-0

f&x) =

(RHLat x = 0) = lim f(x) = lim(x + 1) e™2/* = limE =
- - x—0t T x50 T x>0 e2/x -

ler(r)l‘ fe) # x—})l*r'?(x)

So, f(x) is not continuous at x = 0

Also, f(x) assumes all values from f(—2) to f(2) and f(2) = 3/e is the maximum value of f(x)
4 (c)

Since, it is a polynomial function, so it is continuous for every value of x exceptatx = 2

LHL= ,}L’%‘- x—1




=lim2—-h—-1=1
h—-0

RHL= lim2x —3 =1lim 22 +h) ~3 =1

x-2%
And f(2)=2(2)-3=1
~ LHL+RHL= f(2)
Hence, f(x) is continuous for all real values of x
5 (0

Continuity atx = 0
LHL= lim 222

. —tanh
= lim =1

x-0- X h-0 -—h
. tanx . tan h
RHL= lim — =]lim——=1
x-0t X h-0 h

~ LHL=RHL= f(0) = 1, it is continuous
Differentiability at x = 0

tan(-h)
_Rn)— -1
h-0 -h h-0 -h
h?  2h*
t3 a5t

—h

=0
h tan h_1
h—0 h h-0 h
h?  2h*
IS S - N
—h
~ LHD=RHD
Hence, it is differentiable.
6 (b)
We have,
lim f(x) = lin}(x -1)=0
X—

x—->1"
and,

lim f(x) = lim(x® —1) =0.Also, f(1)=1-1=0
x-1% x-1
So, f(x) is continuous at x = 1
Clearly, (f’(l)) =3andRf'(1) =1
Therefore, f(x) is not differentiable at x = 1
7 (d)
We have,
( x?—x

5 =1, ifx<Oorx>1
X% —x

2
ﬂ@=4—g—¥9=—L ifo<x<1
x2—x
l 1, ifx=0
-1, ifx=1
1,ifx<0orx>1

:f@):{—Lﬁo<xs1
Now,




lim f(x) =lim1=1and, lim f(x)=lim-1=-1
x—=0" x—0 x—-0% x—0
Clearly, lim f(x) # lim f(x)

x—0~ x-0%

So, f(x) is not continuous at x = 0. It can be easily seen that it is not continuous at x = 1
8 (b)
We have,
fO) =1Ix=1]+|x = 3|

—(x—-1)—(x-3), x <1
=>fx)=¢(x—-1)—(x—3), 1<x<3

(x—1)+ (x—3), x=3
—2x + 4, x<1

= f(x)=4 2, 1<x<3

2x — 4, x=3
Since, f(x) = 2 for 1 < x < 3. Therefore f'(x) = 0 forall x € (1,3)
Hence, f'(x) =0atx =2
9 (d)
We have,
Lf'(0)=0andRf'(0) =0+ cos0° =1
= Lf'(0) # Rf'(0)
Hence, f'(x) does not existatx = 0
10 (c)

f— . >
; 0<x <2, m=#0, nareintegersand|x—1|:{f Lxz1

(x-1)"

log cos™(x—1)

Given, g(x) = x x<1

The left hand derivative of [x — 1| atx = 1isp = —1
Also, lim g(x) =p=-1
x—-1*

_ A+h-1)"

lim = —
h-0 logcos™(1+ h—1)

hn

= lim —
h—0 mlog cos h-

.hn 1
= lim =-1

h—-0 1 .
cosh (—sinh)

[using L ‘Hospital’s rule]

hn 2

(n) h.—>0 tan h
)
1

=

S

> n=2 and — =
> m=n= 2

11 (c)

Given, f(x) = %
Since,atx =1,—1,-3, f(x) =
Hence, function is discontinuous
13 (a)




LHL= liql_f(x) = illir% [1-(1-h)?]=0
x— -

RHL= lim f(x) = lim{1+ (1 +h)?} =2
x—-1% h—0

Also, f(1) =0

= RHL # LHL = f(1)

Hence, f(x) is not continuous at x = 1

14 (c)

It is clear from the graph that minimum f(x) is

fx)=x+1, Vx€ER

Hence, it is a straight line, so it is differentiable everywhere
15 (c)

Since, f(x) is continuous at x = g

lim (mx+1) = lim (sinx +n)
-1 g
= =
Zt1=sino+
=> m- =sin-+n
2 2
mrm
> —=n
2

16 (a)
This function is continuous at x = 0, then

log.(1 + x? tan x)
li =
0 sin x3 (0

53
loge{l + x? (x +?+...>}
= lim

9 15
=0 g X0 x5
3! 50

_ log.(1 + x3)
Sl s SO
XT3t e T

= f(0)

[neglecting higher power of x in x? tan x]
x®  x°
' x3 J— 7 + ? — e
> alcl—I}(l) 5, X2 xt° =/
X3t Er o

= 1=f(0)

17 (a)

Given, f(x) is continuous atx = 0
-~ Limit must exist

ie, lir% xP sini = (0)P sinco = 0, when, 0 < p < oo ..(0)
X—

65




. h?P sin%—o . 1.1
Now, RHD= lim =lim h?~!sin=
h—-0 h h—0 h
_pPsin(-1)—
(-=h) sm( h) 0

LHD= lim
h-0 -h

= lim (~1)Ph?~ sin—
—hl_l’% smh

Since, f (x) is not differentiable at x = 0
p<1 ..(ii)

From Egs.(i) and (iii),0 <p <1

18 (a)

We have,
i i sinxz_l_ sin x? 1x0=0=f(0
lin ) = im = = i (- ) = 10 =0 =)

So, f(x) is continuous at x = 0. f(x) is also derivable at x = 0, because
_ i 2 i a2
LCITO) _ iy S iy > = 1 exists finitely
x—0 x>0 X x—-0 X

(a)

A function f on R into itself is continuous at a point a in R, iff for each €> 0 there exist § > 0, such
that
If(x) —fla)l<e = |x—a|<$é
20 (a)
We have,
flx) =x—|x—x?|, -1<x<1

x+x—x?, -1<x<0
:f(x)_{x—(x—xz), 0<x<1

2x — x2, -1<x<0
ﬁf@)z{ ¥, 0<x<1
Clearly, f(x) is continuous at x = 0
Also,

lim f(x) = lim 2x —x?=-2—-1=-3=f(-1)

x-—1% x--1

and,
lim f(x) = lirgl_x2 =1=f(1)
X—

x—1"
So, f(x) is right continuous at x = —1 and left continuous at x = 1

Hence, f(x) is continuous on [—1, 1]
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